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Background and scope 
Characterization of dense non-aqueous phase liquid (DNAPL) 
source zone architecture is essential to: 
Develop accurate site specific conceptual models 
Delineate and quantify contaminant mass 
Perform risk assessment and 
Select and design remediation alternatives 
 
DNAPL architecture not well understood for 
Clayey till 
Fractured low permeability media 
Limestone bedrock 
Fractured variable permeability media 
 
Scope 
Innovative techniques evaluation 
Improved conceptual understanding of DNAPL source zone 
architecture in clayey till and limestone bedrock 
 
 
 
DNAPL conceptual model for clayey till 
and limestone bedrock - general 
 
 
 
Site and approach 
Site 
Distribution facility at Naverland, 
Albertslund, Denmark 
Chlorinated solvents handled: 
PCE 5.000 t, TCE 1.500 t,       
TCA 200 t 
PCE and TCE DNAPL impact 
Clayey till, fractured  
Bryozoan limestone bedrock 
 
Approach 
Innovative and current 
investigative techniques 
Multiple lines of evidence  
Characterization of hydrogeology 
Characterization of contamination 
DNAPL 
Dissolved and sorbed phase 
 
 
 
 
 
Chlorinated solvent 
plume, 2008 
Naverland. Source zone conceptual model 
 
 
 
? 
Remedial pumping 
Investigations 
Moræneler 
Kalk 
Buildings 
Limestone, cores 
and Flute 
Limestone, Wells 
 
Clay till, MIP 
Clay till, cores 
Clay till, Flute 
 
Characterization techniques – Clayey till 
Surface 
Georadar and seismic geophysics 
 
Clayey till 
Membrane interface probing (MIP) 
with FID, ECD, GC-MS 
Coring 
Discrete subsampling for 
quantitative analysis 
PID 
Sudan(IV) and colorspray 
Geology 
NAPL and FACT FLUTe 
Exposure 
PID 
Discrete FACT subsampling for 
analysis 
Liquid sampling 
Radon and soil gas sampling 
 
Red = 
DNAPL 
Green = 
no  
DNAPL 
Characterization techniques  
Limestone Bedrock 
Coring 
Discrete subsampling for 
quantitative analysis  
PID  
Sudan(IV) 
geology 
NAPL and FACT FLUTe 
Exposure 
PID  
Discrete FACT 
subsampling for analysis 
FLUTe transmisivity tests 
Water Flute  
Discrete groundwater 
sampling for quantitative 
analysis 
Water potentials 
 
Clayey till. SW of tank 
Sudan IV 
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MIP vapour conc. and 
diffusion controlled 
Cores  
Clayey till. SW of tank 
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Gas phase diffusion 
 
Aqueous phase diff. 
Clayey Till 
Characterization techniques 
 
Geophysics for clayey till and chalk surface mapping 
 
MIP, PID, FACT for screening 
Sudan(IV), NAPL FLUTe, core conc. for NAPL documentation 
Core conc. for quantification 
 
Colorspray, radon, poreair conc. not usefull 
 
Generally good correlation between MIP, Sudan(IV), PID, 
NAPL FLUTe, FACT FLUTe, and core concentrations  
considering distance 
 
Combination of techniques recommended 
Clayey Till 
Conceptual model development 
 
Apparent residual saturation (porous media): 1-16% 
Fracture V 0.1-1%: Mobile DNAPL 
 
Suggest pooled/connected phase in fractures 
where NAPL FLUTe stained 
 
DNAPL observed  
at clayey till surface 
In fractures in zone above redox change (4.5 m) with closely 
spaced horizontal fractures (3-5 m) 
In fractures below redox change 
Gravel below clayey till 
 
Most and deepest DNAPL SW of tank/release area 
Clayey till surface and fracture-dip direction 
Limestone bedrock C1 
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Characterization techniques 
 
Core loss and potential DNAPL loss during coring 
(PID) 
(Sudan(IV), NAPL FLUTe, core conc. f NAPL documentation?) 
(Core conc. for quantification?)  
Colorspray, radon not usefull 
 
FACT for screening 
Water samples for screening 
 
Generally good correlation between, FACT FLUTe and water 
sample conc. 
 
Combination of techniques recommended 
 
Better coring technique needed 
FACT testing needed 
Screening techniques needed 
Limestone bedrock 
Conceptual model development 
 
Apparent residual sat.: none-0.1% 
Fracture V 1%?: No or residual NAPL 
Very low – loss during coring? 
 
DNAPL indicated  
Documented in 2 core samples in chalk overlying flint beds 
FACT and water samples strongly indicate DNAPL pressence 
in: C1 8-15 m bs and C2 15 m bs 
Rebound indicate very high matrix conc. (former and possibly 
current DNAPL) in greater parts of the limestone bedrock 
Conceptual model 
  
Conclusion. Characterization  
Combined use of techniques gave good insight in source zone 
architecture in clayey till 
MIP and PID were succesfull as screening tools 
Sudan(IV) for DNAPL 
NAPL FLUTe for mobile DNAPL 
Cores for geology, PID and Sudan(IV) 
Core subsample quantitative analysis – needed for quantification 
 
Characterization of DNAPL architecture in limestone bedrock is a 
challenge 
Water samples for screening 
FACT FLUTe promissing – needs further testing 
Cores for geology 
Cores for quantitative analysis and Sudan(IV) a challenge 
Watersampling under 2 conditions – improved understanding 
 
Other potential methods 
Dye-LIF, Borehole logs, Cross-borehole geophysics 
 
Conclusion. DNAPL 
DNAPL at clayey till interface and in fractures 
Mobile DNAPL still present in fractures in clayey till 
DNAPL in gravel/crushed chalk zone 
DNAPL residual strongly indicated in fractures in limestone 
bedrock to 15 m bgs 
 
Complex DNAPL sourse zone architecture 
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